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Abstract

With more complicated integrated laser circuits the problem of characterisation becomes increasingly
complicated. In this work we explore on-chip methods of laser calibration with arbitrary number of control
channels. The main point of study is the spectral shape of on-chip characterisation filter. To estimate the
filter performance, we test convergence of a gradient based optimisation algorithm from a set of random
starting points. A transfer matrix passed model of subthreshold laser spectrum is used as a base for
optimisation cost function. We analyse different filter characteristics and test various filter shapes to find
a reliable approach for on-chip laser wavelength calibration.

Introduction

Integrated tunable lasers are important components in photonic integrated circuits (PICs), enabling flexible
wavelength selection for applications such as optical communications, sensing, and imaging. However,
their performance critically depends on precise wavelength calibration to ensure stability and reliability in
various environments. Conventional lab characterisation relies on external optical spectrum analysers and
tunable spectral filters, which are costly and impractical for large-scale manufacturing. These limitations
create a strong need for on-chip solutions that eliminate expensive equipment and improve production
efficiency. Furthermore, on-chip calibration allows devices to be re-calibrated after packaging and even in
the field, enhancing long-term reliability and reducing maintenance costs.

In this work, we present an on-chip calibration approach that uses arrayed waveguide gratings (AWGs) as
wavelength filters. This method reduces the time of a chip in a lab by replacing the complicated tunable
laser characterisation with faster AWG characterisation. That way it enables automated, scalable, and cost-
effective characterisation and calibration of tunable lasers directly on-chip, potentially enabling high-
volume PIC manufacturing and improved robustness.

Methods

The proposed method replaces external measurement equipment with an integrated AWG calibration filter
and photodiodes. The AWG provides wavelength-dependent transmission, allowing estimation of the laser
wavelength based on measured power levels.

The laser studied in this work is a tunable laser with 8 arm asymmetric Michelson intracavity filter [1].
Each arm of the interferometer has a dedicated phase shifter as displayed on figure 1A and 1B. Combination
of phases applied to the arms is used to tune the emission wavelength of the laser. These eight phase values
can be treated as a vector in a linear space. Thus, a function that properly describes laser behaviour can be
defined in this vector space. To estimate the emission spectrum of the laser sub-threshold transfer matrix
approach was used [2]. The model is chosen for its fast computation time and predictive efficiency. The
amplifier current is set to the value below threshold at the known optimal solution to avoid unphysical
behaviour. As a result, for each set of phases a subthreshold spectrum is produced. Example spectrum is
presented on the figure 1C. Finding the optimal set of phase values for a specific operating wavelength is
the matter of multi-variable optimisation. A spectral filter is applied to the resulting spectrum to perform
wavelength calibration of the laser. The cost function can be expressed as the integral of the spectral filter
and the modelled spectrum product with the respect to wavelength. We optimise this cost function using
local Nelder-Mead optimisation method [3]. To test the optimisation convergence of cost functions with
different spectral calibration filters we use Monte-Carlo approach. Optimisation is performed 100 times for
each filter shape. For each optimisation initial a starting point and a initial simplex is randomised. Laser
peak wavelength and intensity are recorded for each optimisation. We further proceed to test optimisation
performance for a bandpass and a gaussian filters of various widths.
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Figure 1: A. Schematic diagram of the modelled laser. B. Picture of the laser implementation on InP generic platform.
C. Example calculated subthreshold laser spectrum.

Results and Discussion

The averages of calibrated laser peak position offset from the filter position and standard deviation from all
calibration iterations are presented in table 1. Results of all optimisation series are presented on the figure
2 as well. Simulation results show that the on-chip calibration achieves comparable convergence to in-lab
setups. Convergence tests indicate that the Nelder-Mead algorithm reliably tunes the laser to target
wavelengths for both spectral filters of appropriate widths. Power variation is caused by model sensitivity
and solution shift to lower wavelengths is due to position of the SOA gain profile.

Table 1: Calibrated laser peak averages and standard deviations for various calibration filters.

Calibration filter Average wavelength offset | Standard deviation of the peak, pm
of the maximum, pm
Bandpass, width: 500 pm -31 84
Bandpass, width: 300 pm -46 87
Gaussian, FWHM: 1 nm -63 141
Gaussian, FWHM: 500 pm -50 81
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Figure 2: Scatter plot of all calibration iterations. Red dot denotes the average of all iterations. Red area denotes
standard deviation of all iterations

Conclusion

On-chip wavelength calibration using AWGs offers a practical alternative to external bandpass filters. This
indicates that it may be possible to perform complex laser characterisation routines on-chip. It translates
into improved scalability and cost-effectiveness of integrated tunable lasers.
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